Background The most common location of labral tears and chondral damage in the hip is the anterosuperior region of the acetabulum, which is associated with pain in flexion and rotation. We describe a case series of patients with labral tears, ganglion formation, and chondromalacia isolated to the anteroinferior acetabulum. Clinically, patients had pain in extension and internal rotation. Case Descriptions Isolated anteroinferior labral hypertrophy and ganglion were first observed in a patient with coxa valga. We retrospectively reviewed clinical and radiographic records and identified nine hips in seven patients with isolated anteroinferior damage. One patient with bilateral valgus femoral head tilt after slipped capital femoral epiphysis (SCFE) had impingement of the anteromedial metaphysis on the acetabulum from 3 to 6 o'clock. Five of seven had valgus neck-shaft angles and all had acetabular anteversion with damage isolated to the anteroinferior acetabular rim. Literature Review Series on the diagnostic efficacy of MR arthrogram have noted anteroinferior damage adjacent to superior acetabular rim lesions. However, these do not describe isolated anteroinferior rim damage. In addition, available case series of patients with valgus SCFE do not describe a location of impingement or intraarticular damage. Purposes and Clinical Relevance In this small case series of patients with isolated anteroinferior chondrolabral damage, there are two potential causative mechanisms: (1) primary anteroinferior impingement with femoral extension and internal rotation and (2) posterior extraarticular ischiotrochanteric impingement causing secondary anterior instability of the femur. The pathoanatomy appears to be multifactorial, necessitating an individualized treatment approach.
Introduction
Most labral abnormalities in patients with either femoroacetabular impingement (FAI) or dysplasia are anterosuperior or directly anterior [2, 10, 11, 13, 15, 17, 23] . Impingement and instability can, however, occur circumferentially around the acetabular rim [2, 11] and can also be initiated extraarticularly, causing secondary intraarticular damage [5, 9, 14] . The cause of more unusual patterns of FAI is multifactorial and results from a combination of Each author certifies that he or she, or a member of his or her immediate family, has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved or waived approval for the reporting of these cases and that all investigations were conducted in conformity with ethical principles of research. This work was performed at the Department of Orthopaedic Surgery, Schulthess Clinic, Zürich, Switzerland, and Department of Orthopaedic Surgery, University of Bern, Bern, Switzerland. structural factors. In up to 1 . 3 of patients with FAI, the pathoanatomy causing the impingement can only be visualized on radial MRI sequences or three-dimensional (3-D) CT reconstructions [6, 7, 29] . For some patients, 3-D simulations of hip motion are also helpful for elucidating the probable cause of the labral damage [3, 4, 16] .
During the past decade, we have observed a subset of patients with isolated anteroinferior acetabular rim damage. Although anteroinferior acetabular chondrolabral damage has been observed in previous MRI series [31, 38] , in those series, it was found in conjunction with anterosuperior pathology and likely represents worsening of more typical anterosuperior FAI. Anteroinferior sublabral sulci have also been described [30, 35] , although Studler et al. [35] suggested these are normal variants and not pathologic. The cause of isolated anteroinferior damage appears to result from two different mechanisms. Some of the patients have a relative prominence of the anterior inferior femoral metaphysis that contacts the anterior acetabular rim when the hip is in extension and internal rotation. Other patients have a combination of anatomy that predisposes them to ischiofemoral impingement (intra-or extraarticular), causing secondary anteroinferior instability.
The purpose of this paper is to describe a case series of patients with isolated anteroinferior acetabular rim damage, including their clinical presentation, typical physical examination findings, radiographic findings, intraoperative pathology, and treatment. Just as the causes of isolated anteroinferior acetabular rim damage are multifactorial, so too are the appropriate treatments.
Case Series With Representative Patients
We identified seven patients with isolated anteroinferior chondrolabral damage in nine hips over the course of 10 years (clinical findings and intraoperative observations: Table 1 ; radiographic findings: Table 2 ; outcomes at latest followup: Table 3 ). Patients were selected for inclusion in the series if they were being treated for acetabular chondrolabral pathology and the damage was localized to the anteroinferior quadrant of the acetabulum (Table 1) . Two representative patients (Patients 1 and 3) were selected for further discussion of their intraoperative findings and treatment. We reviewed AP pelvis radiographs and, when available, MR arthrograms and operative reports to obtain further information about causative pathology. Five of seven patients had high neck-shaft angles (140°, coxa valga), one had bilateral valgus head tilt [36] , and all had acetabular anteversion ( Table 2 ). Femoral version measurements were not available. Three patients had borderline dysplasia (Patients 5, 6, and 7). In the operative reports, two female patients were hypermobile (Patients 4 and 5).
The most pain was provoked with the hip in extension and internal rotation. Patients had less pain or no pain when the hip was flexed. Stride length was limited.
In February 2013, all patients were contacted by telephone to obtain Oxford Hip Scores (OHS) [25] , scores for the sport scale of the Hip Outcomes Score (HOS) [24] , and the answer to the Global Treatment Outcome question ''How much did the operation help your hip problem?'' (helped a lot, helped, helped only a little, didn't help, made things worse) [12, 22] (Table 3 ). Validated preoperative outcomes data were not available for comparison. Five of seven patients were able to be contacted; all patients were more than 4 years postoperative, with the index patient being 8 years postoperative. All patients reported the operation helped or helped a lot, with OHS and HOS greater than 90 (of 100) except for one patient who reported sports ability of 30 on the HOS.
Patient 1
Patient 1 was a 33-year-old woman with right hip pain ( Table 1) . On examination, her pain was primarily provoked with hip extension and internal rotation. Radiographs demonstrated a coxa valga hip (neck-shaft angle of 139°) with a high fovea and an intraosseous ganglion in the superior pubic ramus ( Fig. 1A-C ). The lateral center-edge angle was 23°, but the Tönnis angle was normal and the sourcil was balanced over the femoral head. Labral degeneration was evident only anteroinferiorly. Although the patient had similar bony anatomy visible radiographically on the left, the left hip was asymptomatic. Because the labral pathology was believed to result from coxa valga causing the metaphysis to be prominent and resulting in impingement on the anteroinferior acetabulum, the patient underwent labral refixation and a varus femoral neck osteotomy using the surgical hip dislocation approach [9] . Intraoperatively, the anteromedial metaphysis was observed to impinge on the anteroinferior acetabulum. Eight years postoperatively, her pain and symptoms had resolved entirely and the left hip remained asymptomatic. Radiographs revealed healing of the osteotomy with no major signs of degenerative change (Fig. 1D ). Intraoperatively, findings were similar for both hips, with prominence of the inferior metaphysis and contact between the anteromedial metaphysis and anteroinferior acetabulum with the hip in extension and internal rotation. Corresponding chondromalacia was visible only anteroinferiorly ( Fig. 2C-D) . In both operations, reduction of the epiphysis corrected the valgus position of the head and eliminated the impingement between the metaphysis and acetabulum so no further bony corrections were performed. Four years postoperatively, the patient stated the operation had helped a lot and reported OHS and sport HOS scores of 97.9 and 95 (of 100).
Discussion
We present a series of seven patients with isolated anteroinferior acetabular chondrolabral damage. We have found no previous descriptions of isolated damage to this region-the acetabular rim and adjacent cartilage area. We suggest, depending on the specific pathoanatomy, the damage can be caused by FAI or instability. This series is limited by its small size relating to the low frequency of the disease and the variability of the anatomic factors that we believe cause this pattern of anteroinferior acetabular damage. The common anatomy seems to be valgus morphology either of the femoral neck and/or of the head with respect to the femoral neck. As a result, surgical treatment of the underlying pathoanatomy was variable, (D) The patient underwent a surgical hip dislocation, labral refixation, and varus femoral neck osteotomy. Postoperatively, she had complete resolution of symptoms and a 6-year followup radiograph demonstrates complete bony healing with no joint space narrowing. ranging from varus osteotomy to femoral neck osteoplasty or acetabular rim trimming. Although the purpose of this paper was not specifically to describe treatment, we were able to obtain telephone followup from five of seven patients, all of whom were more than 4 years postoperative. Using these validated patient-specific outcome measures, the five patients followed reported generally high function 4 years or more after their procedures. One patient reported 30 for the sport scale of the HOS, apparently still has difficulty with sport although his OHS was 91.7 of 100, and stated the operation helped his hip problem.
Chondrolabral damage in the hip most commonly occurs on the anterosuperior acetabular rim [2, 10, 11, 13, 15, 17, 23] . This is true for damage from both FAI and dysplasia.
The most common location of the cam lesion is anterosuperior, between 12 and 3 o'clock on the femoral neck [7, 27, 29] , which contacts either the acetabular rim [3, 4, 10] or the base of the anterior inferior iliac spine [16] . Similarly, classic acetabular dysplasia involves lateral and anterior undercoverage, causing static overload on the anterior and superior rim in stance with resultant anterosuperior rim damage [15] . Anteroinferior acetabular chondrolabral pathology has been observed in series evaluating the diagnostic effectiveness of MR arthrography [31, 38] . In both of these series, greater than 90% of labral tears were in the superior labrum with anteroinferior chondrolabral pathology noted in 5% to 20% of included tears [31, 38] . Given the large number of superior labral tears, we suspect the majority of the anteroinferior tears Volume 471, Number 12, December 2013 Anteroinferior Impingement 3785 seen in these series were observed in association with a superior tear and represent a worsening of the initial chondrolabral lesion. In contrast, the anteroinferior lesions observed in our patients occurred in isolation and thus are unusual. Some of these patients had impingement that could be reproduced intraoperatively, whereas others appeared to have chondrolabral hypertrophy and ganglia formation more consistent with an instability mechanism [19, 34] . In contrast to typical FAI, where pain is primarily provoked with hip flexion and internal rotation, the position provoking the most pain in these patients was extension and internal rotation. For some of these patients, this was due to a directly observed impingement mechanism. We suspect that some of our patients had excessive femoral anteversion with posterior ischiofemoral impingement and secondary anteroinferior instability. In these patients, we hypothesize that the instability caused anteroinferior abrasion of the cartilage with rupture and degeneration of the labrum, similar to a posteroinferior contre-coup lesion that can be seen with anterior pincer impingement [2] . Extraarticular impingement has been described in the arthroplasty literature [5, 14] , and there are a few case reports of ischiofemoral impingement, although primarily from the lesser trochanter rather than from the greater trochanter [1, 26, 37] . Extraarticular impingement has also been recognized in the context of Legg-Calvé-Perthes deformity, where the relative overgrowth of the greater trochanter impinges on the iliac wing when the hip is abducted [8] . In the native hip, extraarticular impingement causing secondary instability is a novel concept. Once the lesion had occurred, extension and rotation caused the metaphyseal part of the head to contact the inflamed and damaged rim, which provoked pain. Our series is also notable for the inclusion of a patient with valgus SCFE. Although valgus SCFE has been described in the literature [21, 32] , this is the first description of the site of the intraarticular pathology in a valgus slip. Several series have described FAI occurring after typical SCFE [18, 33, 39] . Depending on the degree of the slip, the prominent metaphysis causes an inclusion or an impaction type of injury to the acetabulum [18, 28, 33] . In comparison, valgus SCFE is much more rare [32] and case series of valgus SCFE have used in situ pinning for treatment, eliminating the ability to directly observe a site of impingement [21, 32] . One might expect, however, that a valgus slip would also produce a metaphyseal prominence that might in turn cause FAI and subsequent chondrolabral damage as observed for our patient.
Isolated anteroinferior acetabular rim pathology is uncommon. We propose two primary causative mechanisms: (1) primary anteroinferior impingement with femoral extension and internal rotation, occurring from prominence of the medial femoral metaphysis and/or anteroinferior border of the acetabulum, and (2) posterior extraarticular ischiofemoral impingement causing secondary anterior instability of the femur in extension. Irrespective of the exact mechanism, the causative structural pathoanatomy is multifactorial and unique to the individual. This necessitates an individualized treatment approach toward the primary structural problem(s), in addition to treatment of the chondrolabral damage.
